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Abstract. We report recent results on B hadron mass and rare decay measurements using data collected by the CDF detector

in Run II.

INTRODUCTION

The CDF Run II detector [1, 2] has been collecting
physics quality data since the beginning of 2002. The
upgraded detector and trigger/DAQ system signifcantly
enhanced the physics capability of the experiment. Some
of the detector upgrades that are important to heavy Xa-
vor physics include the extended silicon vertex detec-
tor (SVXII), a time-of-cight (TOF) system for particle
identi£cation, and a new layer of silicon detector (L00)
mounted directly on the beam pipe (r ~ 1.5¢m) for preci-
sion vertexing near the interaction point. The brand new
trigger system is designed to handle higher beam cross-
ing rate and instantaneous luminosity. One of the new
additions to the trigger system is the Silicon Vertex Trig-
ger (SVT). The SVT is able to trigger on hadronic B and
charm decays by selecting tracks with large impact pa-
rameters. The typical impact parameter resolution for an
SVT track is about 48um (see Figure 1).

With over 200 pb~! of physics data now on tape,
CDF is well positioned to make substantial contribu-
tion to the heavy Xavor physics community. In this pa-
per, we will report recent B hadron mass measurements
(B*,BO,BS,A,)) using exclusively reconstructed decay
channels. We will also report on the search for Xavor
changing neutral current (FCNC) decays of D° — u*u~
and By — utu.

SPECTROSCOPY

A good understanding of track parameter corrections
due to energy loss is a prerequisite for precision mass
measurements. Without proper correction, the measured
mass would exhibit a strong p; dependence. At CDF, a
sample of muons from the J/y decays are used to cali-
brate the energy loss correction. Figure 2 shows the J/y
mass p; dependence for the various scenarios. The low-
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FIGURE 1. Impact parameter distribution of SVT tracks.

The £tted impact parameter resolution is 48 um (includes 33 um
beam spot uncertainty). The typical SVT d, cut for displaced
track is =120um.

est curve shows the p, dependence without any correc-
tion. As expected, the £tted J/y mass shows a strong
pr dependence. With the nominal energy loss correc-
tion (open triangle), there is still a residual p, depen-
dence. This residual effect is removed by iteratively tun-
ing the GEANT material description used by the track
£iter. Lastly, a global magnetic £eld correction is applied
to shift the J/y mass to the PDG value (shown in solid
circles). The momentum calibration procedure is cross-
checked by measuring the mass of K, D, Y, and ¥'. The
measured masses, after applying all corrections, are con-
sistent with the PDG values.

Using ~80 pb~! of data, we have measured the mass
of various B hadrons using fully reconstructed J/ y decay
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FIGURE 2. The J/psi mass as a function of p,. The four
distributions are: no correction (square box), default energy
loss correction (triangle), full energy loss correction (open
circle), full energy loss and magnetic £eld corrections (£lled
circle).

TABLE 1. Summary of CDF B hadron mass measure-
ments. The £rst quoted error is statistical and the second is
systematic.

Mass (MeV /c?) Data (pb~1)
t 5 J/wKT  5279.324+0.68+0.94 80
B® — J/wyK*®  5280.30+0.92+0.96 80
By —J/w¢  5365.50+1.29+0.94 80
Ay —J/WA  5280.30£0.20+0.96 70

channels. The reconstructed channels are: BT — J /WK +,
B — J/yK*®, B, — J/y¢, and A, — J/yA. The mea-
sured values are shown in Table 1. The invariant mass
distributions for Bs and A, candidates are shown in Fig-
ure 3 and Figure 4, respectively. The new B and A, mass
measurements from CDF are the world’s best.

At CDF, we have also reconstructed a sample of
charged hyperons, E and Q. The long lived charged hy-
perons, which have proper lifetimes (c7) on the order
of centimeters, could leave tracks in the inner layers of
the CDF silicon vertex detector before decaying. By re-
quiring the pseudo hyperon tracks reconstructed from the
decay products to be matched to the silicon track from
the parent hyperon, the combinatorial background can
be signifcantly reduced. Figure 5 and 6 show the invari-
ant mass distribution of £~ — Azn~ and Q — AK™ can-
didates with the silicon track requirement, respectively.
The sample of clean hyperons will be used to reconstruct
the bottom-strange baryons: 32, E,, and Q to study
their production properties.
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FIGURE 3. The invariant mass distribution for By — J/y¢
candidates. The B candidate is reconstructed with J/y decay-
ingtoutu and ¢ to KTK .
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FIGURE 4. The invariant mass distribution for A, candi-
dates. The A, candidate is reconstructed with J/y decaying

toutu~ and Ato ptm.

RARE DECAY (D° — u*p~) SEARCH

In the Standard Model, the FCNC decay D° — pu is
heavily suppressed, with an expected branching ratio on
the order of 10~!3. However, in some R-parity violating
SUSY models, the branching ratio could be as large as
107 [3]. Thus, this decay channel provides a window
of opportunity to search for new physics beyond the
Standard Model.

The D° — putu~ decays are searched for in the
hadronic data sample triggered by the SVT. The mea-
surement is normalized to the decay of D — wtzm~,
which has similar kinematics as the signal mode and a
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FIGURE 5. The invariant mass distribution for & — Az~
candidates (A — ptm~) with E tracked in the silicon vertex
detector. The distribution for the wrong sign candidates is
shown in yellow.
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FIGURE 6. The invariant mass distribution for Q — AK~
candidates (A — p* 7 ~) with Q tracked in the silicon vertex
detector. The distribution for the wrong sign candidates is
shown in yellow.

well measured branching ratio. To reduce combinatoric
backgrounds, the D° for both uu and 77 channels are re-
quired to come from D** decay. By using the same track-
based trigger for both signal and normalization modes,
various effciencies cancel in the relative branching ratio
measurement. The remaining main ingredients needed
for the measurement are: (1) the number of reconstructed
D® — mt 7~ in the £ducial muon region, (2) the number
of signal events (or an upper limit), (3) relative accep-
tance and reconstruction effciency of D — u*u~ to
D° — nt 7~ ,and (4) the expected background.
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FIGURE 7. The fraction of 7% misidentifed as muons vs
Pr-

The overall reconstruction effciency ratio,
e(nrm)/e(up), is estimated from a combination of
measurements and Monte Carlo simulation, as follows.
First, €(up) is obtained by convoluting the p; spectrum
of pions from D — w7~ with the measured muon
reconstruction effciency. To properly account for the
effect of hadronic interactions with detector material,
e(nm) was estimated from a detailed GEANT detector
simulation [4]. Combining the two values, the effciency
ratio is found to be 1.13£0.04. The same Monte Carlo
simulation used in deriving the reconstruction effciency
ratio is also used to determine the geometric acceptance
ratio. The geometric acceptance ratio, o(7w7m)/a(upt),
is found to be 0.9610.02. The expected background in
the signal mass window has two contributions. The £rst
contribution is combinatoric, which can be estimated
from the high-mass side-band region. The expected
background from this source is 1.6+0.7 events. The
second contribution comes from D — 7+~ with both
tracks misidentifed as muons. The latter contribution
can be estimated as the number of D° — 77~ events
in the signal mass region (using { mass hypothesis)
times the square of the misidentifcation probability.
The misidentifcation probability is measured from
a sample of D’ — K7 events from tagged D**. The
7 — U misidentifcation probability as a function of p,
is shown in Figure 7. The average ® — U probability
(convoluted with the track p, spectrum) is about 1.3%.
This translates to 0.2240.02 expected misidentif£cation
events. The combined background from the two sources
is 1.8+0.7 events.

Based on 69 plf1 of data, we found no events remain-
ing in the signal region (Figure 8). Using the prescription
of Cousins and Highland [5], the limit on the branching
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FIGURE 8. The di-muon mass spectrum with D** tag.

ratio is:

« BR(D" - putpu~)< 2.4 x107°at 90% C.L.
« BRD? — utu)<3.1x107° at 95% C.L.

This result improves the previous published limits from
BEATRICE and E771 [6, 7] by about a factor of 2.

RARE DECAY (Bg — utu~) SEARCH

Similar to D — pu*u~, the FCNC decay of By — putu~
is suppressed at the tree level in the Standard Model. The
expected branching ratio is BR(B; — u™pu~) = 3.8 x
10~?. In many SUSY models, this branching ratio can be
enhanced to as large as ~ 10°° [8, 9, 10], which would
make the decay observable in Run II.

The By — ut ™ decays are searched for in the dataset
collected by the di-muon trigger. The B candidates are
require to be in the kinematic £ducial box of p, > 6GeV
and rapidity |yp | < 1. This kinematic box is chosen so
that we can readily normalize the result to the measured
B production cross-section at the Tevatron. The branch-
ing ratio is obtained from the expression:

- N(Bs —u*u~)
Br(B; + =
r(Bs = u) 2-0p L O E

tota total’®

)]

where N(B; — p* ™) is the number of observed sig-
nal events (or upper limit if no signal is observed), op
is the B, production cross section. The B production
cross section is obtained by multiplying the measured
B, production cross section [11] by the world average
value of f;/ f, [12]. The uncertainty on Op, is the dom-
inant source of systematic uncertainty in this analysis.

£, .. 1s the total integrated luminosity. The geometric
and trigger acceptance, Q, is estimated from the Monte
Carlo. The total effciency, €, , ., includes tracking, trig-
ger, reconstruction, and analysis cut effciencies. The
£rst three effciencies (tracking, trigger and reconstruc-
tion) are measured directly from the data. The analy-
sis cut effciency accounts for the effciency of the of-
Xine analysis cuts used in the optimization. The four pri-
mary discriminating variables that we use to optimize
the analysis are: the invariant of the muon pair (M),
the proper lifetime of the By candidate (c7), the 2-D
(transverse plane) opening angle between the B; mo-
mentum vector and the decay vertex axis (A¢), and the
isolation cut (/so). The isolation variable is de£ned as
Iso = py(Bs)/(py(Bs) +Xpy(trk;)), where the summa-
tion is over all tracks within a cone of \/An2+A¢? < 1
about the B; momentum direction. The analysis cut ef-
£ciency is estimated from the Monte Carlo and cross-
checked using a sample of Bt — J/wK™ events from
the data.

The number of background events remain in the sig-
nal region is estimated from Monte Carlo and data. From
the Monte Carlo study, we concluded that contamina-
tion from resonant decays (eg. B — hth™) are negli-
gible at the current level of sensitivity. The dominant
source of background comes from combinatorics. We
have estimated the combinatorial background from mass
side-bands. To improve the estimate, we factorize the
expected rejection for each (non-correlated) group of
cuts separately. The total background is obtained from
the expression: Nhkg = Ngg(cT,AQ) - Ry, - Rypass, Where
Ngg(ct,A@)is the number of sideband events passing a
given set of ¢T and A¢ cuts, R, is the expected rejec-
tion for a given Iso cut, and R, is the expected rejec-
tion for a given mass window cut. The variables c7 and
A¢ are correlated and therefore cannot be treated sepa-
rately. The resulting total background is estimated to be
0.54+0.2 events.

The di-muon invariant mass spectrum (using 113pb~!
of data) with the £nal selection cuts are shown in Fig-
ure 9. There is one event within the B, search window.
Given the observation is consistent with background ex-
pectation, we calculate the upper limit on the branching
ratio using the method of reference [13]. The resulting
limits are:

« BRB; —» utu)<9.5x 1077 at 90% C.L.
« BR(B; —» utu)<1.2x107°at 95% C.L.

This result is a factor of 2 better than the published
limit [14].

We have extended the analysis to search for B, —
utu~ decays. The analysis procedure is identical to
the B, search. The event in the By mass window also
falls in the B, search window. Given the observation
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FIGURE 9. The di-muon mass spectrum. The 30 mass
search window for By is shown in the blue hatched region. The
30 mass search window for B, is shown in the red hatched
region. There is one event overlapping both search windows.
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FIGURE 10. The expected 95% C.L. upper limit on
BR(B; — utu™) as a function of integrated luminosity.

is also consistent with background expectation (V, ;ﬁ(‘g =
0.59+0.22), we set an upper limit on the branching ratio:

« BR(B, — uTpu™)<2.5x 10" at 90% C.L.
« BRB, — u"u)<3.1x107"at95% C.L.

Figure 10 shows the expected sensitivity of B; —
U~ search as a function of integrated luminosity. In
the absence of a signal, with twice the data and no im-
provement in the analysis technique, the limit is expected
to improve by another factor of two.

SUMMARY

The Run II physics program is now well underway. Us-
ing only a fraction of the available data, CDF has already
made world class measurements in the area of heavy Ha-
vor physics. In this paper, we presented some prelim-
inary measurements on B hadron masses and rare de-
cay searches. Some of which are already the best in the
world. With more data on the way, the prospect of per-
forming precision spectroscopy on the broad spectrum
of hadrons produced (including B., charm-strange and
bottom-strange baryons, etc...) at the Tevatron is very
promising. CDF will also remain competitive in the area
of rare decay measurements.
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